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Evidence for Diurnally-Varying Hydration at 
the Moon’s Equator from the Lunar 

Exploration Neutron Detector (LEND) 
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Sunshine et al., Science 326, 565–568, 2009 Livengood et al. Astrobiology 11, 2011 



•  Hydrated minerals observed at lunar terminator in 
reflected light: EPOXI, M3, Cassini VIMS 

•  How much H2O/OH is there? 
•  LRO LEND instrument sensitive to total water abundance 

within upper meter of regolith. 
•  Use LEND data from low latitudes (30°S to 30°N), 

discriminated by local time. 

Evidence for Diurnally-Varying Hydration at 
the Moon’s Equator from the Lunar 

Exploration Neutron Detector (LEND) 
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~0.1 wt% 
H2O 

Epithermal neutron suppression 
(E>~0.4 eV) 

Mitrofanov	  et	  al.	  2010	  



Cylindrical	  maps	  of	  Lunar	  Neutron	  Flux	  
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Fig. 2. Counting rate of  5 gas species as a function of normal elevation of the Sun where 0 ° is at the 
terminator crossing of  the Apol lo  17 landing site. Sunrise occurs nearly 5 ° after terminator crossing. 

Pre-dawn enhancement (see text) is indicated by positive slope of lines fitted to data. 

M O L E C U L A R  G A S  S P E C I E S  I N  T H E  L U N A R  A T M O S P H E R E  163 

zSO 

z~O 

120 

£0 

60 

30 

0 

120 

90 

GO 

~0 

m 
"" o 

z ~ ~ °  

~ 0  

2 0  

tO 

0 

3 0  

2 0  

10 

0 

~ 0  

2 0  

tO 

0 

L A C E  

73 185/186 
HASS 28 ~ 

APOLLO 17 
SUNRISE 

I 

MASS : 32 , I 

n~. ,A ,A,~  , , . d  . . . . .  L r , A . t ~ . .  
~,~v ,,~v ,Vv. . - , ,VvvV~W~W/Wv.-1/  "Vv 'V ' 

MASS 14 

i ] 

MASS 12 

APOLLO 17 
SUNRISE 

r , I 
35O 360 

NORMAL ELEVATION 

Fig. 3. Similar to Figure 2 except for 5 different gas species. 
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TABLE I 
Pre-Dawn Enhancement 

Mass Counts~ Parent molecule Total 
(ainu) 

CH4 NH3 H20 N2 CO 02 CO2 

12 2±2 0.2 - - - 0 - 0.3 0.5 
14 24-1 0.5 0.02 - 0.3 0 - - 0.8 
15 54-2 5 0.07 . . . . .  5 
16 8:52 6 0.8 0.3 - 0 0.4 0.5 8 
17 24-2 - 1 1 . . . .  2 

--1 
18 3±3 - - 3 - - - -  3 

28 4± 4  - - - 4 0 - 0.6 4.6 
32 54-5 . . . . .  5 0 5 
40 904-10 . . . . . .  90 
44 74-5 . . . . . .  7 7 

a Counting rate increase at sunrise. 

co lumns  show possible  pa ren t  molecules  which could  account  for the mass  peaks  
l isted in co lumn 1. CH4, methane ,  has a pa ren t  peak  mass number  o f  16 amu  bu t  an 
ion  source using 70 vol t  e lectrons as the ion iza t ion  mechan i sm produces  a peak  at  
mass  15 which is 8 0 ~  of  the 16 peak  ampl i tude .  I t  is deemed tha t  the mass 15 peak  can 
have no source other  than  C H  3 f rom methane  since the 30, 41 and 43 peaks  are zero. 
This precludes  CHa being fo rmed  in the ion source f rom other  compounds ,  such as 
CH3CO or  C H a C N  or  CzH6. Since this peak  is mos t  l ikely entirely due to methane,  the 
co r re spond ing  methane  abundance  is t aken  to be equivalent  to 6 counts.  

In  a similar  manner  water  vapor  is a pa ren t  peak  at  mass 18 with f ragment  peaks  at  
17 and  16 o f  30 and  10~o o f  the 18 peak  respectively. The 3 counts  of  water  vapor  at  
mass 18 is considered a tentat ive value since, f rom the slope o f  the curve of  F igure  2, 
a 0 count  is al lowed.  Since the water  v a p o r  gives a 1 count  con t r ibu t ion  to the 17 
peak  the r ema inde r  of  1 count  is very l ikely due to a m m o n i a  which has f ragmenta ry  
peaks  at  16 of  .8 counts  and  traces at  mass  15 and  14. 

Since there are poss ib ly  2 counts  at  mass  14 and the entire peak  ampl i tude  is not  
accounted  for  f rom methane  and ammonia ,  the 28 peak,  if  it  is finite, is a t t r ibuted  to 
n i t rogen ra ther  than  CO, since n i t rogen produces  a f r agmenta ry  peak  at  mass  14 of  
ei ther N + or  N ~  + o f  approx ima te ly  7 . 5 ~  of  the 28 peak.  This would  leave the mos t  
p robab le  value of  the CO peak  at  0 count .  The oxygen peak  at  mass  32 could  be 5 
counts  a l though  again a 0 lower l imi t  is an a l lowable  value. I t  appears  l ikely tha t  there 
is some CO2 with a mos t  p r o b a b l e  value o f  7 counts  and  a m in imum value of  2 
counts .  CO2 gives rise to small  f ragmenta ry  peaks  at  mass 28, 16 and 12. 

The last  co lumn of  Table  I is the to ta l  accumula ted  counts  f rom the pa ren t  and  
f r agmen ta ry  peaks  l isted in the previous  column.  I t  may  be observed tha t  in all cases 
except  for  mass  12 and  14 the entire peak  is accounted  for  f rom the molecules l isted in 
the table.  However ,  the to ta l  counts  of  the last  co lumn are all within the error  bars  
a t t r i bu ted  to the counts  of  the second co lumn of  the table.  This shows that  there is 

2 1.5 1 



• Maximum epithermal neutron emission in mid-
afternoon 
= least hydrogen moderation 
= “driest” regolith. 

• Minimum epithermal neutron emission at dawn 
terminator/early morning 
= most hydrogen moderation 
= “wettest” regolith. 

Evidence for Diurnally-Varying Hydration at 
the Moon’s Equator from the Lunar 

Exploration Neutron Detector (LEND) 



Additional slides follow. 
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